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INTRODDCTION 

During the first Workshop on Technical Aspects of MST Radar two recominen- 
dations were adopted on site and frequency selection, which first shall be re- 
peated here; then we will make suggestions as to how to implement the recom- 
mendations, as well as summarize existing results, criteria and experiences to 
support the design of planned radars. Since the criteria to operate a radar 
will be quite different according to individual requirements of research groups, 
only summaries of items will be considered without aiming too strongly at their 
individual assessments. 

(a) Recommendation on Site Selection 

Although the actual interference problem will not be known until the an- 
tenna and receiver are installed, the prudent experimenter will conduct tests 
of interference before selecting a site. For large and expensive facilities 
these tests should be extensive and sensitive. A small directional antenna may 
be suitable to simulate sidelobe sensitivity of radars, but it should be re- 
membered that sophisticated data-processing methods make system sensitivity ex- 
tremely good; therefore it would be advisable to use (if possible) the complete 
data system to look for interference. These measures would certainly be called 
for before installing expensive, fixed sites, 

(b) Recommendation on Frequency Selection ’ 

There is, the difficulty of allocation of frequencies — almost continuous 
use by these radars will be made when the band 40-60 IHz is allocated to other 
services. It was agreed that URSI should be contacted to see if they can make 
overtures to CCIR concerning this question. 

More attention should be paid to the problem of designing MST radar an- 
tenna with lower sidelobes which will help both transmitting and receiving. 

This will help in the problem of MST radars interfering with each other in 
future. 

SITE SELECTION 

For selecting a location of an MST radar, one basically has to consider 
two general criteria, namely (a) the geophysical/meteorological phenomena which 
shall be investigated and (b) the operational requirements and capabilities one 
needs and which limitations one is able to accept. 

Directions of priority of research could be towards synoptic scales (time 
scale of days), mesoscale (hours) or microscale (minutes). Microscale disturb- 
ances in the atmosphere are partly connected to orographic features (mountains. 
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islands) and can influence considerably the accuracy and evidence of investi- 
gations of synoptic and mesoscale features. The latter are also influenced by 
the orography. Decision consequently has to be made to set up a radar in a 
mountainous or in a plain area. Of course also global climatology, i.e. re- 
search directed towards tropical, midlatitude or arctic atmosphere, will in- 
fluence the selection of the radar location. 

Some criteria to select a site, placing priority on optimum operation: 

(1) Size of area (sufficient for antenna and equipment). 

(2) Flatness and horizontal levelling, (antenna pattern accuracy). 

(3) Vegetation, e.g. grass, bushes (influence maintenance of antenna). 

(4) Composition of ground, e.g. rocks, soft soil, swamp, ... (influence 
antenna construction and reliability). 

(5) Cultivated or wasteland (influences costs), 

(6) Cattle or wild animals (may destruct system), 

(7) Shielding by hills (avoid clutter and attenuate interference). 

(8) Vicinity of next house or village (interference, security, service). 

(9) Vicinity to institute or laboratory (travel, trouble shooting, mainte- 
nance). 

(10) Electric power line (distance, costs to connect the system). 

(11) Stability of line voltage, (reliability of operation). 

(12) Hater supply. 

(13) Road access. 

(14) Availability and cost of telephone line, (voice and data transmi- 
tion) . 

(15) Noise interference from power line, close-by factories, roads (igni- 
tion noise). 

(16) Height above sea level (pick-up of long distance groundwave inter- 
ference, higher altitude permits increase of upper height to be 
sounded by radar). 

(17) Distance from country border line (unexpected future radio interfer- 
ence). 

(18) Costs to prepare the site and to rent and to maintain the site (dura- 
tion?). 

(19) Snow cover (antenna reliability and road access). 

(20) Windbreaks (antenna construction). 

(21) Probability of flooding. 

(22) Aircraft flight routes (clutter and interference). 

(23) Other close-by radio/radar systems (mutual interference). 

These items may not be exhaustive but can give a guideline and were dis- 
cussed and completed during the workshop discussions. The weighting of these 
different items has to depend on individual orientations and requirements. 

A short discussion shall be added to item 7 on the clutter problem (i.e., 
signal returns from unwanted targets). In another paper (Paper 5.1-B, this 
volume) this author concludes that a shallow valley may be sufficient for 
shielding, even a flat plain may be acceptable, if no extraordinary conditions 
(e.g., very high extending mountains, buildings or radio towers in the surround- 
ings up to several 10 km) spoil the atmospheric signal. Also seaclutter can be 
avoided by these means. Clutter from field-aligned ionospheric irregularities, 
however, can occur at locations close to the magnetic equator at hear zenith 
angles (through the antenna main lobe) and at high latitudes at low elevation 
angles (through low angle sidelobes). 

FREQUENCY SELECTION AND ALLOCATION 

Following the early operation of the Jicamarca Radar which proved its 
applicability for probing the mesosphere, stratosphere and troposphere, the 
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following generation of radars operated in the same frequency band between 40 
MHz and 55 MHz (Figure 1). Although it proved true that very efficient radar 
investigations of the lower and middle atmosphere can be done using these fre- 
quencies (which in the early times was strongly questioned by traditional radar 
meteorologists), it is not yet established that this frequency band is the 
optimum. Lower frequencies obviously may suffer from interference due to iono- 
spheric propagation and a strong increase in sky noise (about inversely propor- 
tional to the square of frequency), but will allow larger antenna areas (in- 
crease of echo signal strength) and may yield stronger contributions from par- 
tial reflection. On higher frequencies the noise level decreases, improving 
the sensitivity and thus may allow operating with lower transmitter power and 
antenna gain. However, the wave number spectrum of atmospheric reflectivity is 
not yet known, sufficiently accurately to permit a final decision which frequency 
may be optimum. An upper limit is obviously given by the high frequency bound- 
ary of .the inertial subrange of atmospheric turbulence, determining the maximum 
height to be sounded. Mesospheric turbulence scatter, for instance, cannot be 
detected at much higher frequencies than 50 MHz, and at 430 MHz the upper height 
is even as low as about 30 km. It is evidently noticed also (Table 1) that all 
higher frequency radars (430/440 MHz, 930 MHz or 1290 MHz) use considerably 
higher power, although the reason is that these radars are operated mainly for 
incoherent scatter observations of the ionosphere. We will concentrate here on 
the frequency selection and allocation in the standard frequency band of MST 
radars in the low VHF range. 

During the last World Administrative Radio Conference in 1979, worldwide 
frequency allocations were newly arranged and accepted. In Table 2 we have 
summarized the allocations betweai 30 IHlz and 68 MHz, which are subdivided 
according to the worldwide Regions I, II and III (Standard of the ITU-Inter- 
national Telecommunications Union, see Figure 2). Except for three fairly nar- 
row bands 30.005-30.010 MHz, 37.5-38.25 MHz, 40.66-40.70 MHz, no special al- 
locations are furnished for scientific research purposes on an international 
basis. The used VHF radar frequency bands are merely allocated through nation- 
al authorities, and it is evident that no legal claim can be brought forward by 
radar researchers to obtain a frequency allocation. The radars are permitted 
only to operate on the noninterference basis; i.e. they have to cease opera- 
tion if interference to the primary or secondary services operating in the same 
band is reported. The services which most likely can be affected are the fixed 
and mobile (example in Table 3a), the amateur (Table 3b) and the TV broadcast 
service (Table 2). Fortunately, no major complaints by these- services are 
knoxm which would prevent VHF radar operation or even yield to decisions of 
national authorities to refuse issuing new licenses. 


MST RADAR FREQUENCY ALLOCATIONS 
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Table 1. Operational and planned MST/ST/IS radars (Nov. 1983). From ROTTGER (1984). 
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Figure 2. ITU-Regions. 


Because of the fact that the VHF radars mostly cover a fairly wide band- 
width (100 kHz-2 MHz), the transmitted energy is spread out into a fairly wide 
frequency band, which yields less interference to narrow band operations such 
as those of the fixed, mobile or amateur services. Furthermore, interference > 
is strongly suppressed because the main beam direction of VHF radars is verti- 
cal. Only a minor fraction of the energy is transmitted horizontally through 
the sidelobes where it could cause harmful interference to the other services. 
More observation has to be pointed to the fact that the radar reception will 
be disturbed by transmission of other services. 

This problem, however, is mostly not too crucial if provision is made that 
the operations are properly separated in space and frequency. Since essential- 
ly ground wave propagation occurs, the field strength of interfering signals 
will be negligible at distances of several 10 km. However, in the lower VHF 
range ionospheric propagation can still occur and drastically increase the 
interference level. This is shown in the example of Figure 3, where the diurnal 
variation of frequency occupation monitored in December 1979 and January 1980 at 
the Arecibo Observatory is shown (after ROTTGER, 1980). Signals observed in the 
morning hours (06-12 AST) evidently originated through ionospheric propagation 
from the US mainland. The cumulative distributions of Figure 4 indicates 
occurrence maxima at two channels around 43 MHz and 49.5 MHz which were due to 
local traffic. The best choice of frequency was 46.8 MHz. It is strongly 
suggested to carry out similar frequency surveys before applying for a license 
to operate a VHF radar. 

We see from Table 2 that the band 47 (54)-58 IDlz is mostly covered by TV 
broadcast allocations (TV-band I), although partially also the fixed or mobile 
and the amateur service is permitted. The TV broadcast covers a much wider 
bandwidth than the radar operation and can be quite sensitive to interference 
(the video channel is much more sensitive to interference than the audio chan- 
nel). In Figure 5 the required interference suppression (according to CCIR) is 
shown for a TV channel. It is noticed that the requirements are most strict 
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Table 3, a) National frequency allocation plan of United States, 
b) Amateur radio band plan (50 MHz), 
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Figure 3. Occurrence of signals as function of time of day (AST) and frequency 
at the Arecibo Observatory in December 1979 and January 1980. 


at frequencies close to the video, colour and audio carriers. 

Extensive field and laboratory measurements, which were done in prepara- 
tion of the licence application phase of the SOUSY-VHF-Radar in W.- Germany, 
showed that radar operation in a TV channel is possible without causing mutual 
interference. It was shown that a radar operation (centrecarrier) frequency 
f^ “ 53.5 MHz, i.e. a frequency between the colour and the audio carrier, 
causes the least interference to TV reception. Also a frequency just at the 
lower limit of a TV channel (e.g. f^ “54.0 MHz) can be acceptable. Accord- 
ing to the subdivision of TV-band I into channels, the video carrier frequencies 
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Figure 4. Cumulative distribution of interference (summary of Figure 3) 



Figure 5. Interference suppression required for a TV channel (CCIR norm) 
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are at f = 48.25, 55.25 and 62.25 MHz. Radar operation (centre) frequencies 

f = f ? 5.25 MHz or f = f - 1.25 MHz are accordingly most suitable, 
r V r V 

Further field measurements made during the early operation of the SOUSY- 
VHF-Radar (f = 53.3 MHz, in a channel used by a TV-broadcast station at 160 km 
distance) did not indicate any interference to TV users. It even was found 
that the radar signal was no more detectable (because of mountain shielding and 
sideiooe suppression) at some 10 km distance from the radar. Occasional in- 
creases of noise level observed with the SOUSY-VHF-Radar might have been caused' 
by increased TV field strength at the radar site during enhanced tropospheric 
propagation conditions. Very short-term interference (seconds to minutes dura- 
tion), observed very rarely, was attributed to mobile stations in the vicinity 
of the radar. During summertime also TV signals from southern Europe occasion- 
ally occurred through reflection at sporadic-E layers. 
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RECOMMENDATION 
SITE SELECTION 

Noticing that 

(1) for a variety of meteorological investigations influences of orography 
are a disturbing factor, 

(2) clutter and interference is mostly experienced to be minor problem, 
the notion is supported 


to preferably locating MST radars in flat terrain rather than in mountainous re- 
gions (excluding, obviously, research on orographic influences on meteorological 
phenomena ) . 
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FECOMMEKBATIOH 
FREQUENCY ALLOCATION 

Noticing that 

(1) Licenses to operate VHF/UHF radars are granted by national authorities 
in a cooperative manner, and operation has to be on a noninterference 
basis. 

(2) Crucial interference due to radar operation has not yet be«i reported. 

(3) The number of VHF/UHF radars used for research purposes has already 
increased and obviously will steadily increase, and these radars may 
even be included in operational meteorological systems which will 
increase their number explosively. 

It is recommended that formal steps shall be undertaken to form a 
special study group of CCIR to collect experiences and define requirements and 
standards to facilitate negotiations with the licensing authorities and to 
introduce these operations officially into an internationally accepted fre- 
euency allocation scheme. 



